A B S T R A C T The mechanism(s) by which cholesterol returns to the splanchnic bed from peripheral tissues are not well understood. To study this phenomenon in fasting man, lipoproteins were isolated from plasma obtained from hepatic vein and aorta. Cholesterol content of each lipoprotein class was determined and arteriovenous (AV) differenices could be calculated for each patient. The results in the first 24 patients indicated splanchnic secretion of very low density lipoprotein cholesterol (mean AV difference -3 mg/100 ml, P < 0.01), but not significanit AV difference for total cholesterol, high density lipoprotein cholesterol, or low denisity lipoprotein (LDL) B protein.
INTRODUCTION
Like other lipids that are nonwater-soluble, plasma cholesterol is present in lipoproteins. Most cholesterol enters plasma in chylomiicroiis, very low density lipoprotein (VLDL) , and high density lipoprotein (HDL)1-three classes of lipoproteins secreted by the liver and small intestines (1) . In man, the major portion of plasma cholesterol, however, is not present in these lipoproteins, but rather in low density lipoprotein (LDL)-a breakdown product of VLDL (2) . Earlier data suggested that the liver was the exclusive catabolic site of the LDL nacromolecule (3) . But this concept was challenged both by the observation that hepatectomiiy in swine and dogs did not arrest the irreversible clearance of LDL B protein from plasma (4) and the demnonstration by Brown and Goldstein (5) that LDL B protein miay bind to and be degraded by meseinchymllal tisstues such as skin fibroblasts, arterial smooth muscle cells, and lymphocytes. This sequence results in internalization of the cholesterol moiety of the LDL which in turn regulates cellular cholesterol synthesis. As a consequence, as much as 2 g of cholesterol may be deposited each day in mesenchymal tissues as a result of the peripheral degradation of LDL (6) . In addition, all body tissues can synthesize cholesterol. Because cellular cholesterol content remains constant, synthesized and deposited cholesterol must be returned to the liver which is the only tissue with a significant capacity to catabolize this sterol.
Glomset (7) has suggested that HDL is the lipoprotein that accumulates cholesterol from peripheral tissues for transport to the liver. To our knowledge, however, there is no direct evidence that cholesterol is indeed returned in this form. The present study exam-ined whether in man there was uptake of cholesterol from lipoproteins across the splanchnic bed. The data obtained support the concept that LDL mnay be 1 (10) with the color reagent of Zak et al. (11) . Free (14) to determihe whether the data were normally distributed. Only if this condition were met was the possible significance of the arterial-hepatic vein difference determined by paired Student's t test.
RESULTS
In the first group of 24 patients, the AV difference was determined for total cholesterol and VLDL, LDL, and HDL cholesterol. At the same time, LDL B protein was determined. The individual data for each patient are given in Table I ; the mean AV differences are shown in Fig. 1 . For total plasma cholesterol, the mean AV difference was +2±+1.3 mg/100 ml (mean±SEM). This value is not statistically significant. The mean AV difference for LDL d 1.006-1.063 g/ml was +8±1.9 mg/ml. This difference was highly significant (P < 0.0002) and suggested net uptake of cholesterol across the splanchnic bed. In contrast, the mean AV difference for LDL B protein (not shown in Fig. 1 ) was -1±0.7 mg/100 ml and was not significant. The mean AV differences for VLDL and HDL cholesterol Were negative (-3±1.1 and -3±1.4 mg/100 ml, respectively) indicting splanchnic production of these lipoproteins. Only the mean AV difference for VLDL cholesterol, however, was statistically significant (P < 0.01).
These findings pointed to a selective decrease in the cholesterol moiety in hepatic vein LDL occurring without any change in the protein portion. The patients in group 2 were studied to determine whether this difference could be assigned to either the IDL d 1.006-1.019 g/ml or the LDL d 1.019-1.063 g/ml fraction. Also, the LDL cholesterol was divided into free and ester fractions to determine whether the splanchnic uptake could be localized to one lipid type. The mean AV difference found in these patients are shown in Fig. 2 with the individual values from which these are derived given in Table II. For IDL-the d 1.006-1.019 mg/ml fraction-the average arterial and hepatic vein cholesterol were almost identical (10.5 and 10.2 mg/100 ml, respectively) and the AV difference +0.3 mg/100 ml was not significant.
For LDL, as in group 1, there was no significant difference between arterial and hepatic vein B protein. But again, as in group 1, the total LDL cholesterol was significantly higher in the arterial sample than in the venous. This difference was not the result of a decrease in the hepatic vein LDL free cholesterol (mean AV difference +0.3±1.3 mg/100 ml, P, not significant), but was located in the LDL cholesterol ester fraction (--8±1.9 mg/100 ml, P < 0.0005). The failure to find a similar AV difference for IDL cholesterol, LDL free cholesterol, or LDL B protein excludes any systematic sampling error that might produce selective hemodilution of the venous sample.
In patients in group 3, two questions were examined. FIGURE 4 The LDL cholesterol (C) AV was markedly diminished, and there was suggestive evidence that this was accompanied by a change in LDL composition. Specifically, there appeared to be more cholesterol and less triglyceride in the LDL particle in the posthepatectomy state (6). Thus, because cholesterol can only be degraded in the liver even though the irreversible removal of LDL from plasma occurs in peripheral tissues, we suggest that cholesterol ester is returned to the splanchnic bed and then removed from LDL while the latter is in an extravascular hepatic space. The absolute AV differences noted in this study are small. Because this was anticipated, the study was designed to permit the use of the paired sample method. Because this method allows intrapatient analysis, it thus eliminates the large interpatient difference in lipoprotein cholesterol levels.
However, ifthe observed AV differences in this study are of statistical significance, do they point to events ofphysiologic importance? It must be remembered that the differences observed were derived from simultaneously drawn samples. Therefore, the absolute flux is a function of the AV differences and splanchnic blood flow. The 95% confidence limits for the AV LDL cholesterol ester difference of 8 mg/100 ml are 3.5-12.5 mg/100 ml. Even though splanchnic flow was not measured in the present study, an assumed value of 1 liter/ min would yield a minimum estimate of LDL cholesterol ester turnover of 1 g/h. This, of course, far exceeds the previous estimates of LDL cholesterol ester turnover of 4 g/day derived from radioisotopic studies (17) . At a minimum, however, the present study supports a principle conclusion of the radioisotope method, in that both derive a turnover of LDL 
